A dairy herd was affected by a disease of unknown origin. Over 12 months standard samples (feces, and blood serum) were taken and tested for Clostridium botulinum, botulinum neurotoxin and partly for botulinum toxin antibodies according to standard international procedures. Finally it was shown that the dramatic clinical situation was caused by botulism in its chronic toxicoinfectious form ("visceral botulism"). The main symptoms were reduced milk yield, lameness, an increased mortality in adults and calves, and a general impairment of health of the herd. One special case is reported here. A paralyzed cow aborted after 7 months of pregnancy. The fetus was delivered dead. Diagnostic samples were taken immediately for microbiological investigations. Specimens of the intestinal tract of the cow contained the C. botulinum neurotoxin and vegetative states (combined toxin group ABE). C. botulinum was isolated from specimen of the fetus and toxin group ABE was found in the liver, suggesting an intrauterine infection.
Introduction
The soil bacterium Clostridium (C.) botulinum produces the botulinum neurotoxin (BoNT) (types A-G). In animals apparently mosaic toxin forms (C/D, D/C) prevail (Woudstra et al., 2012) . They act directly or indirectly after resorption within the body on neuronal muscular synapses and different regulatory physiological circles, signalling cascades or pathways Fujinaga et al., 2013; Bercsenyi et al., 2013) .The toxins are produced ex vivo in feed, broiler litter, insects, water, or soil and compost (Böhnel and Lube, 2000; AFSSA, 2002; ACMSF, 2006b) . When BoNTs are ingested, they are absorbed via the mucous membranes of the digestive tract and transported by the blood to different places of action (Fujinaga et al., 2013) . If BoNT acts in a high quantity and in a short time space, it may lead to sudden death without prior clinical signs or severe disease. Less dramatic cases with lower toxin quantities are described as chronic botulism (Graham and Schwarze, 1921) . Occasionally animals may recover completely (AFSSA, 2002; ACMSF, 2006b) . Nothing is known regarding clinical effects of minimal BoNT doses and longer intoxication times. In a normal situation, the healthy microbiota prevents the growth and toxin production by C. botulinum. Anyway, in some specific cases, these bacteria could multiply and cause an infection of the gastrointestinal tract. BoNTs may be produced there in vivo, described as "toxico-infection" (AFSSA, 2002; ACMSF, 2006b) , intestinal colonisation or enteric infection (ACMSF, 2006a) . Bacterial forms and BoNTs were even found in the tonsils (Böhnel et al., 2008) . C. botulinum types C and D produce another toxic substance "toxin C2" which is not neurotoxic. It supports the attachment of bacteria to the villi of the intestinal mucosa and the resorption of BoNT by pore forming (Lang et al., 2008) . Recently it was shown that another biotoxin, Clostridiolysin S, exhibits a haemolytic activity contributing to clostridial virulence and playing a role in host tissue injury (Gonzales et al., 2010) . Cases of toxicoinfections were reported in humans by Meyer as early as 1928 and in infants in 1976 (Midura and Arnon, 1976) . In adults similar cases were attributed to bowel surgery and antibiotic treatment (CDC, 2011) . In animals, the first reports were in foals in 1967 (Rooney and Prickett) and in chickens in 1978 (Miyazaki and Sakaguchi) . At the turn of this century toxico-infections in cattle appeared more important than intoxications in France (AFSSA, 2002) whereas in Great Britain intoxications prevail, toxico-infections are not reported (ACMSF, 2006b) . In Germany there has been an increase of bovine botulism cases since the mid nineties of the last century. In the beginning there were only cases of intoxication, but in 1999 the first cases of toxicoinfection were diagnosed Böhnel et al., 2001) . At present there are estimated more than 1100 cattle farms with confirmed outbreaks in the last 15 years. Their origin remains uncertain. One third is believed to be intoxications with the obvious clinical features of sudden paralysis and death. The rest are toxico-infections. Here, herd symptoms are reduced milk yield, ruffled fur, engorged veins, unsteady gait, recumbency, tucked-up abdomen, death without recognizable reason especially after calving. The animals show aspects of being ill nourished or completely neglected. Additionally, sudden death or general bad health during months followed by death or even recovery is reported. Other specific symptoms are abortion, or stillbirth. Weak calves may die within weeks Böhnel and Gessler, 2010; Böhnel and Gessler, 2012; Krüger et al., 2012) . For the particular animal bulbar paralysis with missing or impaired reflexes in the eyes, ears, or tongue are pathognomonic AFSSA, 2002; ACMSF, 2006b) . To separate clinical chronic forms of intoxication lasting for days or weeks (Graham and Schwarze, 1921 ) from those of intestinal toxico-infection prevailing for months, the term "visceral botulism" was coined . A classical feature of botulism as intoxication was that only particular animals were affected in one farm. Since the introduction of feeding using total mixed rations (TMR) numerous animals fall sick at the same time (AFSSA, 2002; ACMSF, 2006b ). Toxico-infections are a herd problem as the source is common feed Böhnel et al., 2001; AFSSA, 2002) .
Acute and chronic forms may be present at the same time in one farm. Concomitant diseases may cause further diffuse clinical features. The general term "botulism" refers to BoNT as the cause of diseases and comprises both intoxication and toxico-infection with different clinical features. Finally, in general the herd health status improves after a botulinum vaccination in cases of BoNT types C and D (Onderstepoort Biological Products, Onderstepoort, RSA) (personal observations, Krüger et al., 2013) .
Recently cases of human and bovine botulism on affected cattle farms were reported, where man and animals had fallen sick at the same time by the same BoNT types. Common or zoonotic origins are not yet fully understood (Dressler and Saberi, 2009; Krüger et al., 2012; Rodloff and Krüger, 2012) .
Material and Methods

History
A farm in Western Germany with about 70 cows lost 135 cows within 4 years. It was one of the few ones which were officially allowed to cultivate and feed genetically modified Bt-maize on a trial basis. This seed contains a genetic insert of Bacillus thuringiensis against the corn borer (Meissle et al., 2011) . In 2001 the dairy herd began to show hitherto unspecific symptoms. As no disease could be found initially unknown side effects of the maize were suspected. At this time, discussion on visceral botulism was already an ongoing feature with hundreds of similar cases in Germany Böhnel et al., 2001; Böhnel and Gessler, 2012) . This led the farmer to the suspicion of visceral botulism.
Clinical Examinations and Specimen Collection
Especially as a possible connection with the gene manipulated maize could not be ruled out, from 2002 onwards samples were sent for botulinum laboratory diagnosis and tested for scientific purposes accordingly. Standard samples were feces and blood serum from living animals, inner organs, and additionally content of different parts of the gastro-intestinal tract of dead animals. Feed specimens were examined as well (Table 1) . 
Bold: Actual Reported Case
In May 2003 a sick pregnant cow (Holstein Frisian breed, 9 years old, 6 th pregnancy (197 th day) was sent to the Clinic of Obstetrics of the Veterinary Faculty, University of Gießen. The animal (No. 03223) arrived in the clinic completely recumbent. The clinical picture was that of a flaccid paralysis after unsuccessful treatment for milk fever. At the entrance examination there were no other signs of a specific disease. The delivery had already started. Finally, the dead fetus was developed per vias naturales. Parts of the fetal envelopes and placenta were delivered immediately. The aspect of fetus and fetal envelopes caused not increase of concern. The clinical feature was first interpreted as an acute form of botulism, as a previous treatment for milk fever at the farm had been attempted without success. The examinations gave no indication of any differential diagnosis which would lead to abortion in the 7 th month of pregnancy.
Laboratory Diagnostic
The fetus and the euthanized cow were sent unopened to the adjacent Institute for Veterinary Pathology, University of Gießen, for immediate further action. The fetus had been cooled and was examined next morning, the carcass of the cow immediately after euthanization. Due to the importance of the case, mal-nutrition and possible infections leading to abortion had to be excluded as cause of illness. Of the cow liver, lungs, spleen, kidney and placenta were tested bacteriologically on "ordinary" bacterial content including Listeria, Brucella, excluding Campylobacter, Chlamydia, Coxiella, Histophilus somni. Intestines were tested additionally for clostridia and by Ziehl-Neelsen staining. Fetal specimens were tested additionally for viral cytotoxicity on bovine and ovine cells with consecutive pestivirus immunofluorescence. Samples for presumptive botulism were taken during autopsy under standard working conditions to avoid post-mortal contaminations. They were again immediately cooled or frozen and sent so to our laboratory where they arrived within 24 h. Transport was less than 24 h. The bacteriological examinations started right after arrival of the specimens. As there are no international reference methods for laboratory testing of supposed botulinum samples, the bacteriological diagnosis was done according to AOAC International methods (2001) by mouse bioassay. Other tests were at that time and are not yet suitable for standard routine diagnosis. PCR may help to identify the presence of toxigenic genes. Toxins are not targeted (Lindström and Korkeala, 2006; Cai et al., 2007; Dorner et al., 2013) . In short, BoNT is directly eluted out of the sample by gelatine-phosphate buffer (pH 6.2) overnight. Bacterial forms or spores are cultured in liquid enrichment medium (Reinforced Clostridial Medium (Merck, Darmstadt) under anaerobic conditions (48 h/37 °C).
Eluted or formed BoNT is tested by injecting 0.5 ml i.p. each into a pair of mice. The animals are observed for clinical signs of botulism and death for 96 h. Toxic specimens are mixed with specific botulinum antitoxins to eventually cause a neutralisation of the BoNT (20 min, room temperature) and injected as described above. Surviving animals indicate the presence of specific BoNT. For animal welfare issues mono-specific, i.e. polyclonal antibodies against a single toxin type for toxin routine neutralisation in our laboratory were mixed in two groups A, B, and E, and C and D respectively, referred to as combined toxin groups ABE and CD. Further differentiation of particular toxins in positive samples was not done.
The incoming specimens of a farm are tested in an arbitrary order by toxin elution and enrichment culture. For practical reasons any further testing of additional specimens was abandoned once a sample gave a conclusive positive result for a specific animal. Due to the shortcoming of the mouse bio-assay this result was used then as indicative for the result of the whole herd as well. Blood samples were not tested for bacteria or toxin. Serum antibodies against botulinum toxins A, B, C, and D were tested by a mono-specific ELISA. An arbitrary quantification was done from negative/-to strong/xxx (Mawhinney et al., 2011) . All legal aspects concerning animal tests were respected.
Results and Discussion
Retrospective studies have inherent weaknesses, but these provide the only possible access to botulinum problems as there is no chance of obtaining permission from ethics committees to undertake specific animal tests. To copy natural conditions of multi-factorial diseases with partly unknown factors is an almost impossible task.
Since at least 2002 laboratory tests revealed an impact of botulism in the dairy herd. Initially C. botulinum toxin group CD was found. Later-on toxin group ABE appeared as well. Antibody tests showed an intensive contact mainly with BoNT types A and B.
Blood tests of the cow presented to the clinic showed a serious disturbance of electrolyte homeostasis type 1 (calcium 0.45 mmol, anorganic phosphorus 0.5 mmol) (Bostedt, 1973) . The cow was euthanized after abortion by order of the owner.
The pathological examinations of the cow specimens revealed an intensive haemostasis in liver, spleen, and kidneys. The lungs showed an important alveolar emphysema, the uterus retentio secundinarum and endometritis. The placenta of the fetus showed focal edema. Virological tests were negative (M. Reinacher, personal communication).
All organs harboured haemolytic and non-haemolytic E. coli, the placenta few Streptococcus epidermidis, α-haemolytic streptococci and Acinetobacter spp. (C. Ewers, personal communication). Virological tests of the fetus were negative (C. Förster, personal communication).
The botulinum test results are reported in detail (Table 1 ). The outcome of the tests showed that toxigenic C. botulinum had appeared in the farm and became manifest. Together with appropriate clinical symptoms it was detected for the first time mid-2002. In the first year C. botulinum toxin group CD was found by proof of BoNT or bacterial forms. Afterwards, toxin group ABE was diagnosed as well and became more prevalent. Antibodies were predominantly types A and B. Visceral botulism was presumed and finally diagnosed on the basis of clinical signs and elimination of other diseases as a farm diagnosis. The bacteriological findings supported this diagnosis.
In March 2003 the botulinum tests for the cow No. 03223 showed bacterial forms of C. botulinum toxin group ABE in the rumen. BoNT group ABE was neutralised in the large intestine. The hemolysed blood sample was not suited for ELISA. The rumen sample provoked specific symptoms for botulism in mice and was not further neutralised. This is consistent with those findings of visceral botulism, one of the specific symptoms being abortion, stillbirth, or weak nonviable calves, which may die within weeks Böhnel et al., 2001) . The presence of bacterial forms of C. botulinum in the intestinal tract together with the depicted clinical symptoms and the absence of other pathogens is a strong support of suspected botulism. In rare cases C. botulinum bacteria may be found in healthy animals (own not published results). The proof of botulinum toxin, however, is confirmative.
The liver of the freshly dead fetus contained bacterial states of C. botulinum toxin group ABE.
To the best of our knowledge this is the first time where botulinum bacteria (toxin group ABE) were diagnosed in the liver of a fetus of an infected cow. Thus, an intrauterine infection has to be presumed. Despite the syndesmochorial placenta of the cow an intrauterine transfer of C. botulinum from mother to the fetus may not be excluded. However, a connection with the endometritis and placentitis due to an ascending vaginal infection together with E. coli could be postulated as well. This is similar to the presence of botulinum toxin in milk of a cow suffering by an untreatable mastitis . Recently, the proof of C. botulinum and botulinum toxin in milk and udder tissue of cows with botulism was reported (Böhnel and Gessler, 2013) . In an a case of infant botulism caused by C. baratii type F toxin presenting at 54 hours of life the authors argued for a congenital infection, but rejected this idea as it had never been described before (Keet et al., 2005) .
Further tests are necessary to evaluate C. botulinum infections and the pharmacological actions of botulinum toxin as a possible cause of stillbirth or calf mortality within the first week of life.
